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Craniofacial deficiencies in 3-dimensions and their relationships to airway volume have 
been studied in the past. Much research has investigated maxillary transverse, sagittal or 
vertical dimensions with correlations to airway volume. Similarly, mandibular 
characteristics such as its anteroposterior or vertical dimensions have been analyzed. To 
the author’s current knowledge, there have been limited studies which investigated the 










The objectives of our study were to investigate: 1) If there is a significant association 
between mandibular transverse dimensions and airway volume, mandibular 
anteroposterior or vertical measurements in the pediatric population. 2) If mandibular 
anteroposterior and vertical measurements correlated to airway volume. 3) If an OSA 
symptomatic group had any significant differences in mandibular morphologies, pediatric 
sleep questionnaire (PSQ), Apnea-hypoxia index (AHI), or Respiratory Disturbance index 
(RDI), compared to an asymptomatic control group in the pediatric population. 
 
MATERIAL AND METHODS:  
This was a cohort, retrospective, correlational study comprised of 22 males, and 14 females 
(Mean age of 6.8 ± 2.8, range: 2 to 13 years old). Digital CBCT images were acquired from 
a single private pediatric practice. Utilizing Mimics v.21 analytical software, airway was 
measured and segmented into right nasal cavity (RNC), left nasal cavity (LNC), 
nasopharynx (NP), oropharynx (OP) and hypopharynx (HP). Mandibular traits in sagittal, 
vertical and transverse dimensions were analyzed to see if correlations exist with airway 
volume, PSQ, AHI, or RDI scores. Differences were also evaluated between symptomatic 











Results revealed that asymptomatic patients had significantly greater width between the 
right and left gonions (Trans-Go) as compared to symptomatic patients. Within each group, 
Trans-Go was shown to have significant positive correlations to total airway volume, 




There are significant correlations between mandibular transverse dimension and total 
airway volume, sagittal, and vertical dimensions of the mandible. There may also be 
transverse differences between symptomatic and asymptomatic patients for sleep disorders 
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LITERATURE REVIEW 
The significance of airway within the study and practice of orthodontics has been 
extensively discussed and debated over the last few decades. Among the earliest mention 
of orthodontic treatment having a positive influence on airway development 1,2– to a most 
recent publication from the American Association of Orthodontics (AAO) providing 
guidance to approaching obstructive sleep apnea (OSA) or sleep-related breathing disorder 
(SRBD) in our orthodontic patients 3; it can be deduced such discussions and research about 
airway development has been, and undoubtedly will continue to be an important element 
in the near future of our profession.  
 
Optimally, the craniofacial complex develops and matures in concert with that of the 
airway. Evidence for causational relation is sometimes hard to assess, but it has been shown 
abnormalities of function in one complex are often associated with the other 4–6  . Any 
disturbance to normal nasal breathing had been shown to correlate with unfavorable facial 
developments during childhood – namely ‘adenoid face’ 7–9. Classical experiments 
involving primates and obstruction of normal nasal airway have shown significant changes 
can occur in the craniofacial complex 10,11 . The adenoid face has been defined as, but not 
limited to, displaying increased lower anterior facial height with lip incompetency, and 
hyper-divergence of the mandible with constriction of dental arches 8,12,13.  
 
The three-dimensional orientations of both maxilla and mandible and their respective 
characteristics have been studied relation to airway volume. In particular, it has been 
demonstrated that patients with maxillary constriction are more likely to be diagnosed with 
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or to develop OSA 14,15. The high palatal vault of the maxilla has also been identified as an 
increased risk-factor in the development of SRBD 16. In addition, when the maxilla is 
deficient in the sagittal dimension, it may also have a negative impact on airway volume 
17,18. Altering the maxilla’s three-dimensional characteristics has been shown to have 
positive effects on upper airway volume. Past studies demonstrated interventions such as 
rapid maxillary expansion (RME) 19–22, and protraction 18,23,24 could increase upper airway 
volume; while maxillary posterior impaction 25,26 could increase airway flow or volume.  
 
Like the research on the maxilla, the physical traits of the mandible have also been studied 
in relation to airway volume. Mandibular sagittal characteristics such as corpus length, and 
AP position relative to cranial base, have displayed positive correlations with upper 
pharyngeal airway volume 27–30. The vertical dimension of the mandible relative to the 
mandibular plane angle (formed from SN-line and with Frankfort horizontal) have shown 
negative correlations to upper airway volume. For example, a hyperdivergent mandibular 
plane is significantly correlated with reduction in airway volume 27,31. However, to date, 
there have been limited studies that investigated transverse dimensions of the mandible and 
its relations to airway volume. Anandarajah et al.32 showed a positive correlation existing 
between the transverse dimensions of upper and lower jaws and upper airway volume, and 
specifically, mandibular width was one of the most significant traits which positively 
correlated to the minimal cross-sectional area of the airway. Another study33 found that 
adult patients with OSA showed an increased tendency towards having a wider mandibular 
divergence angle, which is constructed at spina mentalis and between the left and right 
gonions. The same study also found that OSA patients had smaller internal mandibular 
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length. Interestingly, Hwang et al. 34 demonstrated that adult patients with a higher 
mandibular plane angle were more likely to have a smaller mandibular width between the 
left and right gonions.  
 
 
OBJECTIVES AND HYPOTHESIS:  
 
Specific objectives:  
1. To investigate if there was a significant association between mandibular transverse 
dimensions and airway volume, mandibular anteroposterior or vertical 
measurements in the pediatric population.  
2. To re-evaluate whether mandibular AP and vertical measurements are correlated 
with airway volume.  
3. To investigate whether in the pediatric population, the OSA symptomatic group 
had any significant differences in mandibular morphologies, PSQ, AHI, or RDI 




We aimed to determine if transverse dimensions of the mandible had significant 
associations with mandibular vertical measurements, anteroposterior measurements or 
with airway volume.  In addition, we wanted to determine if any mandibular measurements 




Null Hypothesis:  
 
1. There are no associations between mandibular transverse characteristics and upper 
airway volume in the pediatric population. 
  
2. Patients with sleep related breathing disorder (SRBD) traits have no significant 
difference in mandibular transverse characteristics as compared to patients without 
SRBD in the pediatric population.   
 
Alternative hypothesis:  
 
1. There is an association between mandibular transverse characteristics and upper 
airway volume in the pediatric population. 
  
2. Patients with sleep related breathing disorder (SRBD) traits have mandibular 
transverse characteristics that are significantly different from patients without 










MATERIALS AND METHODS 
 
This study was a cohort, retrospective, correlational study approved by the Boston 
University Medical Campus Institutional Review Board (IRB# - H39815). Cone-beam 
computed tomography (CBCT) images of patients were collected from a single private 
pediatric clinic from Chicago, Illinois. All images were later de-identified and entered into 
a data repository at Boston University Henry M. Goldman School of Dental Medicine, 
Department of Orthodontics. The sample consisted of 36 initial scans that were taken prior 
to any orthodontic treatment, all taken from one I-CAT Flx machine (Renew Digital LLC, 
Norcross. GA), which had the following settings during scan acquisition – 115 kVcp, 10 
amp, 0.05 focal spot skin distance of 43 cm, FOV size of v-10, voxel size of 2520 DX. 
 
The sample included 22 males, and 14 females (Mean age 6.8 ± 2.8, range: 2 to 13 years 
old). The images were de-identified and later converted into digital imaging and 
communications in medicine (DICOM) format and uploaded onto Mimics v.21 analytical 
software (Materialise®, Leuven, Belgium). Inclusion criteria included children ages 2-18 
years old with clear CBCT images for analysis, a full set of medical and dental history, 
body mass index (BMI) percentiles, Apnea-Hypoxia index (AHI) and Pediatric sleep 
questionnaire (PSQ). Patients missing any of the above records were excluded. Additional 
exclusion criteria consisted of patients with the previous history of orthodontic treatment, 
adenoidectomy or tonsillectomy, diagnosis of severe systemic or metabolic diseases, 
craniofacial syndromes or craniofacial trauma.  
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The CBCT images were digitized, and segmented by two authors (NL, LL) via using 
Mimics v.21. Threshold limits were adjusted for maximum visual acuity for hard tissue, 
soft tissue, and airway volume in order to construct individual masks (Figures 1-3). 
Negative space that was determined not to be part of the upper airway was eliminated 
during the segmentation process. (Figure 4). Upper airway volume was segmented into the 
right nasal cavity (RNC), left nasal cavity (LNC), nasopharynx (NP), oropharynx (OP) and 
hypopharynx (HP) using reference and dissector planes (Figure 5). Volumes of the 
individual regions and total airway were also generated from the software.  Table 1 
describes the planes in more detail. Other landmarks and planes for hard and soft tissues 
were also constructed on their respective masks (Figure 6,7).  Table 2 describes these 
points in more detail. Mandibular linear and angular measurements, such as: left/right 
corpus length, gonial angle, left/right ramus height, left/right ramus width, divergence 
angle; as well transverse width between the left and right gonion (Trans-Go), lingula 
(Trans-Li), and mental foramina (Trans-MF) were measured via Mimics software.  
 
The following protocol was used for analysis:  
1. Segmentation Procedure (under Segment tab): 
a. Open the desired DICOM file on Mimics v21 by selecting ‘New Project.’  
b. Perform initial segmentation by selecting ‘New Mask.’ 
c. A new mask is required for each tissue type. Hence hard tissue, soft tissue 
and airway will have their own mask. (Figure 1-3) 
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d. Adjust threshold value (vertical bars) for each mask to maximize visual 
acuity. 
e. Airway mask required to be cropped. Region of interest was to have a 
superior border at Nasion, inferior border at C4 vertebrae, the anterior 
border at soft tissue tip of the nose, and posterior border of C4 vertebrae. 
(Figure 3) 
f. Airway mask was further edited using the ‘Multi-slice edit’ function to 
eliminate regions of the maxillary sinus in order to isolate the airway of 
interest. Once maxillary sinuses were eliminated, we checked if the 
remaining desired airway is isolated via the ‘Region Grow’ function. If done 
correctly, a new color mask would be the result, giving Modified Airway. 
(Figure 4.)  
g. Modified airway volume can now be obtained by locating the ‘Properties’ 
icon on the lower right-hand corner of the program – this is Total volume.  
 
2. Analysis of CBCT  
a. Under the ‘Analyze’ tab, hard and soft tissue mask can be analyzed by 
selecting ‘Measure and Analyze’. Once selected, we chose the desired 
analysis-template under the drop-down menu. (If no option exist, you must 
create new analysis template before to this step.)  
b. Once the desired analysis-template selected, you can add all desire points 
on their respective hard tissue or soft tissue mask. (Figure 6.) Table 2 
describes the points of interest in our study that were located on a hard tissue 
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mask. Planes of interest (Figure 7) are also generated once all the desired 
points were located. All points were verified in 3-dimensions by utilizing 
the coronal, sagittal and axial slice views on the program.  
 
3. Protocol to Identify Airway chambers 
a. Dissector planes of the airway were adjusted to have the following 
dimensions in thickness, width and height, respectively.  
i. Sub-nasale plane (Sn Plane): 0.1, 50, and 50  
ii. Superior Zygomatic suture and nasion plane (SupZygNa): 0.1, 150, 
100 
iii. PNS plane: 0.1, 150, 100  
iv. PNS vertical plane: 0.1, 100, 50  
v. C3 plane: 0.1, 100, 100  
vi. C4 plane: 0.1, 100, 100  
b. Under ‘3D-tools’ tab, we selected ‘With PolyPlane’ to initiate airway 
chamber analysis  
i. We selected the constructed modified airway volume (without 
maxillary sinus space) to be analyzed under the ‘Object to cut’ 
column.  
ii. On the ‘cutting-paths’ column, we highlighted all dissector planes 
as stated above.  
iii. Click-OK 
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c. All five desired airway chambers (RNC, LNC, NP, OP, HP) were to be 
generated. 
i. Each individual chamber’s volume can now be found under the 
‘properties’ icon. Again, total volume can be generated with a 
modified airway mask, and also by clicking on the ‘properties’ icon 
for details.  
 
The volumes derived from each scan were then correlated to the mandibular characteristics, 
as mentioned above. In addition, upper airway volumes were correlated to the other 
information gathered from the patients, i.e., the PSQ, AHI, and RDI scores. Base upon the 
‘Pediatric Sleep Questionnaire’ (PSQ) score patients were divided into two groups: the 
OSA symptomatic group or asymptomatic control group. Patients were determined to be 
symptomatic if their PSQ score reaches 33% or above. This threshold has been found to be 
effective at identifying symptomatic pediatric patients in the past 35. Patients who scored 
lower than 33% were considered as the asymptomatic group. A comparison between the 
two groups was also done to see if any significant difference existed in mandibular 










Figure 1 - Mimics imaging during Bone Mask Segmentation Process. Threshold 


























Figure 2 - Mimics imaging during Soft tissue Mask Segmentation Process. Threshold 






















Figure 3 - Mimics imaging during Airway Mask Segmentation Process. Threshold 























Figure 4 - Mimics imaging during Final Airway Mask Segmentation Process. 









Figure 5.  Segmented Airway and their Compartments. A. Right Nasal Cavity 
(RNC). B. Left Nasal Cavity (LNC) C. Nasopharynx (NP). D. Oropharynx (OP). E. 
Hypopharynx (HP). Dissector Planes also displayed with segmented airway. 
Reference – DiCosimo et al. Analysis of nasal airway symmetry and upper airway 












































Using chi-square statistics, we found that gender was independent of both symptomatic or 
asymptomatic groups. Normal distribution was confirmed using the Shapiro-Wilk and 
Kolmogorov-Smirnov tests. When normal distribution was confirmed a parametric test was 
used; otherwise a non-parametric test was used. The Student’s t-test/Wilcoxon rank test 
was used to investigate the means across the symptomatic and asymptomatic groups. The 
Pearson/Spearman correlation tests was used to test the relationship of the measurements 
to airway volume within both groups. The level of significance was set at 0.05. SAS 9.4 
















TABLE 1: DESCRIPTION OF PLANES USED DURING AIRWAY 














Reference Planes Descriptions  
Subnasale Plane  A plane passing through subnasale and 
left/right ala nasi 
Superior zygomatic suture and nasion 
plane (SupZygNa) plane  
A plane passing through the basion and 
run in parallel through the right/left 
superior point of zygomaticotemporal 
suture and Nasion.  
PNS Plane (inferior border) A plane parallel to FD and passing through 
PNS 
PNS Vertical Plane a plane parallel to the vertical nasal plane 
and passing through PNS 
C3 a plane which is parallel to FD and passing 
through the most anterior and inferior 
point of C3 in lateral view  
C4 a plane which is parallel to FD and passing 
through the most anterior and inferior 
point of C4 in lateral view 
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TABLE 2: DESCRIPTIONS OF POINTS USED FOR SKELETAL ANALYSIS  
Point Name Description  
Genial Tubercle  Most prominent bony projection on the 
lingual aspect of the mandible. 
Gonion Left (L/R) left/right – point formed from posterior 
and inferior border ramus. Gonion point is 
placed on the most lateral aspect of the 
mandible. 
Inferior point of zygomaticotemporal 
suture (L/R) 
Left/right – point formed at the most 
inferior aspect of the zygomaticotemporal 
suture on the lateral view. 
Center Condyle (L/R) Left/right – constructed point by using 
Lateral and Medial points of the condyle. 
The center of the condyle is located at the 
middle of the line formed between the 
lateral and medial points.  
Superior point of condyle (L/R) Left/right – constructed point utilizing 
Center Condyle point. Superior point is 
located directly superiorly from Center 
Condyle point.  
Lateral point of condyle (L/R) Left/right – most lateral aspect of condyle  
Medial point of condyle (L/R) Left/right – most medial aspect of condyle 
Lingula (L/R) Left/right – tip of the medial bony 
projection on the medial surface of the 
ramal surface. 
Mental Foramen (L/R) Left/right – point located on the most 
anterior aspect of the mental foramen 
Menton  most inferior aspect of the chin  
R1(L/R) Most concaved aspect on the anterior 
border of the ramus on lateral view.  
R2 (L/R) Left/right - Point located with R1, it is 
directly posterior on the posterior border 
of ramus. 
Sigmoid Notch (L/R) Left/right – most concaved point of the 
sigmoid notch. 
Superior point of infraorbital canal (L/R)  Left/right – point located on the most 








In the symptomatic group, 53.9% were females and 46.15% were males. In the 
asymptomatic group, 30.43% were females while 68.57% were males. Age appeared not 
to have significant differences between symptomatic and asymptomatic groups (p= 0.28). 
(Table 3a) 
Comparison between Symptomatic and Asymptomatic groups 
When comparing both groups, it appeared that age, PSQ percentage and oxygen saturation 
percentage were found not to be significantly different. In airway volume analysis, the only 
region that showed a significant difference between both groups was the RNC (p = 0.05), 
where the asymptomatic group displayed a smaller mean volume of 15.87 mm3 compared 
to 23.15 mm3 for the symptomatic group. (Table 4a) 
 
In terms of mandibular morphology, corpus divergence, Trans-Li, Ramus height left/right, 
gonial angle, and corpus length left/right, did not show a significant difference between the 
two groups. However, there were significant differences found in Trans-MF (p = 0.03), 
Trans-Go (p = 0.02), and left ramus width (p  = 0.008). The symptomatic group consistently 
displayed narrower mean average Trans-MF, and Trans-Go widths. Right ramus width was 
marginally significant with p = 0.06, – where the symptomatic group displayed narrower 
ramus width (Table 4b). 
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Intra-group Comparison of Mandibular Traits to Airway and PSG scores  
In the symptomatic group, the left corpus length was significantly positively correlated 
with Nasopharyngeal (NP) volume (p = 0.03), and total airway volume (p = 0.01), while 
displaying a significant negative correlations with AHI (p = 0.01) and RDI score (p = 0.01). 
The right corpus length only displayed a significant positive correlation with the total 
volume (p = 0.02). The gonial angle had no significant correlation with any variables. Both 
the left and right ramus width showed significant positive correlations with OP (p = 0.03) 
only. The left ramus height had significant positive correlations with NP (p = 0.03), OP (p 
= 0.03), and total volume (p = 0.01). In addition, the right ramus height showed significant 
positive correlations to NP (p = 0.03), OP (p = 0.01) and total volume (p = 0.05). Trans-Li 
was found to have significant positive correlations with NP (p = 0.02), OP (p = 0.05), and 
total volume (p = 0.05); but had significant negative correlations with AHI-score (p = 0.02) 
and RDI score (p = 0.005). There were also significant positive correlations of Trans-Go 
with NP (p = 0.01), OP (p = 0.04), and total volume (p = 0.01); but negative correlations 
with AHI (p = 0.02) and RDI (p = 0.01). Neither Trans-MF or corpus divergence displayed 
any significant correlations with any other variables. (Table 5a) 
 
In the asymptomatic group, the left corpus length had significant positive correlations with 
RNC (p = 0.003), NP (p = 0.02), OP (p = 0.01), HP (p = 0.05) and total volume (p = 0.03). 
For the right corpus length, it also displayed positive correlations with RNC (p-value = 
0.03), NP (p-value = 0.03), OP (p-value = 0.04), and total volume (p = 0.02). Gonial angle 
was found to have significant negative correlations with OP (p = 0.01), and total volume 
(p  = 0.02). Ramus widths were found to not have any significant correlations with other 
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variables. Left Ramus height had significant positive correlations with RNC (p = 0.01), 
LNC (p = 0.01), NP (p = 0.03), OP (p = 0.0002), HP (p = 0.005), and total volume (p < 
0.0001). Right ramus height also had significant positive correlations with RNC (p = 0.02), 
LNC (p = 0.03), NP (p = 0.005), OP (p = 0.003) and total volume (p = 0.001). Trans-Li 
had significant positive correlations with RNC (p = 0.02), and total volume (p = 0.03). 
Trans-Go has significant positive correlations with RNC (p = 0.01), HP (p = 0.04) and total 
volume (p = 0.02). Trans-MF also displayed positive correlations with RNC (p = 0.01), NP 
(p = 0.03) and total volume (p = 0.02). Lastly, corpus divergence revealed there were 
significant negative correlations between NP (p = 0.04), and positive correlations to the 
PSQ score (p = 0.03). (Table 5b) 
 
Correlations of Transverse Dimensions to AP and Vertical Measurements  
Mandibular transverse dimensions did show significant correlations with sagittal and 
vertical dimensions. In the symptomatic group, Trans-Li and Trans-Go were shown to have 
significant positive correlations with corpus lengths and ramus heights, (p < 0.05). Trans-
MF only showed significant positive correlations to corpus lengths (p < 0.02), while corpus 
divergence had no significant correlations to any variables. (Table 6a).  
 
In the asymptomatic group, there were significant positive correlations between Trans-Go 
and corpus length, and ramus height – and a significant negative correlation with gonial 
angle, (p < 0.05). Trans-Li displayed the same significant correlations as Trans-Go. Trans-
MF showed significant positive correlations to corpus length and ramus height in the 
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asymptomatic group (p < 0.05), while corpus divergence displayed significant negative 



















































Male 6 16 0.17 
Female 7 7 
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Variable Normal distribution Skewed 
Age ✓ . 
 










RDI per Hour 
 
✓ . 
AHI per Hour 
 
✓ . 








Left nasal cavity ✓ . 
 
Right nasal cavity 
 
✓ . 




TABLE 3c: VARIABLES AND THEIR NORMAL OR SKEWED DISTRIBUTION  
Variable Normal distribution Skewed 













































TABLE 4a: COMPARISON OF VARIABLES BETWEEN GROUPS  
 
*p ≤ 0.05 is significant, p-values only displayed for variables that showed 












TABLE 4b: COMPARISON OF VARIABLES BETWEEN GROUPS  
 
* p ≤ 0.05 is significant, p-values only displayed for variables that showed 























• ◊ p < 0.05 is significant 
• * Pearson  
• ** Spearman  
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• ◊ p < 0.05 is significant 
• * Pearson  
• ** Spearman  
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• ◊ p < 0.05 is significant 
• * Pearson  


















• ◊ p < 0.05 is significant 
• * Pearson  





As orthodontists, we can greatly influence proper airway development during our patients’ 
maturation process. Orthodontic research has utilized CBCT imaging to analyze airway 
volume 19,20,23,25,27,28,32,34,35. To date, the AAO has recommended that CBCT should not be 
the single diagnostic tool to evaluate whether a patient has an existence of SRBD, or 
possibly OSA.  Cone-beam CT is limited in its ability to provide dynamic and functional 
perspective of the airway; besides, there is no consensus on the minimal cross-sectional 
area or volume to identify whether a patient has SRBD or OSA 3. Other technologies, such 
as magnetic resonance imaging 33, could be used to investigate airway function; however, 
such technology is often not physically available or financially feasible for academic 
institutions or private practices to conduct research. Thus, CBCT may continue to be 
utilized in orthodontic research despites its limitations.  
 
In our current study, the primary objective was to evaluate if any mandibular transverse 
dimensions (Trans-Go, Trans-Li, Trans-MF, corpus divergence) had any significant 
correlations to airway volume (RNC, LNC, NP, OP, HP, total) in the pediatric population. 
To our knowledge, there have been limited studies evaluating transverse dimensions of the 
mandible and its relations to the airway in pediatric patients. Additional factors we 
evaluated were to see if transverse widths of the mandible had significant associations with 
other characteristics in the AP or vertical dimensions, such as: corpus length, and ramus 
height or gonial angle, respectively. In addition, our study wanted to verify if mandibular 
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AP and vertical dimensions had any correlations to airway volume. Lastly, the 
symptomatic and asymptomatic groups were compared to see if any mandibular 
dimensions were significantly different in the pediatric population. 
 
Anandarajah et al. 32 analyzed 105 CBCT images (58.1% females and 41.9% males) with 
the mean age of 10.7 (± 2.4) years of old. In their investigation, after matching for age, 
gender and skeletal maturity, they found the width between the left and right gonions to 
have significant positive correlations with airway volume (p < 0.01) and minimal cross-
sectional area (p < 0.01) 32. We also found Trans-Go to have a significant positive 
correlation to airway, specifically, total airway volume. In both groups, Trans-Go had a 
significant positive correlation to total airway volume - with a correlation co-efficient of 
0.72 and 0.47, and p = 0.01 and 0.02, respectively. (Table 5a and 5b) The transverse width 
between the lingulae (Trans-Li) also displayed significant positive correlations to the total 
airway; however, it was not as strong as that of Trans-Go. Also, Trans-MF showed a 
significant correlation to total airway only in the asymptomatic group. (Table 5b)  Thus, it 
appears Trans-Go was the most significant transverse measurement as compared to the 
other two linear measurements. In our study, it was also shown there was a significant 
difference in the width of Trans-Go and Trans-MF between both groups (p = 0.02 and 0.03, 
respectively).  These results suggest that the transverse dimension overall in the 
asymptomatic group was significantly larger than the symptomatic group in the pediatric 
population. (Table 4b) 
 
Okubo et al. 33 also investigated mandibular morphology in patients with OSA. Their study 
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consisted of 51 men of Asian origin (31 symptomatic patients and 20 control patients). 
Magnetic resonance imagining was used to assess airway volume and mandibular 
dimensions in both types of patients. They found no significant difference between 
symptomatic and asymptomatic groups with respect to mandibular internal width (p = 
0.76). Nevertheless, they showed that symptomatic patients had a significant increase in 
the divergence angle (p = 0.01) 33. The results from Okubo et al.  study differed from our 
study. We found corpus divergence not to be significantly different between the two groups 
(p = 0.15). However, on average, we found the corpus divergence in asymptomatic groups 
was higher than symptomatic group (Table 4b)  Also, as stated before, we found that 
Trans-Go and Trans-MF were significantly different between the two groups, (p = 0.02, 
and 0.03, respectively). (Table 4b) Okubo et al 33 revealed the that the transverse 
dimensions had no significant differences between symptomatic and asymptomatic groups; 
such result was different from our current study and the study of Anandarajah et al.32  We 
also found corpus divergence did not consistently correlate to other airway volumes within 
both groups. (Table 5a and 5b) Our results suggest the possibly linear transverse 
dimension of the mandible was more strongly associated with the airway than corpus 
divergence.      
 
One study 34 investigated the relationship between mandibular transverse and vertical 
dimensions to airway34. Hwang et al. 34 performed a retrospective study with 121 CBCT 
images (55 male, 66 females) with a Class I dental relationship. Groups were segregated 
into hypo-, normo-, and hyper-divergence of the mandibular plane angle to S-N. In their 
study, they found a significant negative correlation between transverse and vertical 
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dimensions – as the mandibular plane angle increased, the transverse dimension decreased 
34. Similarly, we found in both symptomatic and asymptomatic groups that there were 
significant correlations between mandibular transverse and vertical dimension. Ramus 
height appeared to have significant positive correlations to Trans-Go and Trans-Li with p 
< 0.05. (Table 6a and 6b) Examination of the gonial angle demonstrated consistent 
negative correlations with all three linear transverse measurements. For example, an 
increased gonial angle was associated with narrower width of the mandible – however, 
only in the asymptomatic group were there significant negative correlations between gonial 
angle and Trans-Li and Trans-Go. (Table 6b) These results suggest that the vertical 
dimension of the mandible may be significantly positively associated with the mandibular 
transverse dimension. 
 
The relationship between vertical and sagittal mandibular measurements with airway 
volume have been investigated 27–30.  Alves et al 27 studied the CBCTs of 50 healthy 
Caucasian children, with age ranging from 8-10 years old, and mean age of 9.16 ±0.64 
years. In their study, they found that children with Class II skeletal patterns, as measured 
by ANB, had significant lower airway volume compared to Class I children: airway volume 
(p = 0.002) as well as minimum cross-sectional area (p =0.055). In addition, they found a 
significant negative correlation between vertical dimension and airway volume. As 
mandibular plane increased relative to Frankfort horizontal or S-N, the minimal pharyngeal 
airway cross-sectional area decreased between the uvula to posterior pharyngeal wall 27. In 
our study, neither groups showed any significant difference between mean values in the 
vertical mandibular dimensions (ramus height or gonial angle) (Table 4b). Interestingly, 
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however, there appeared to be a significant positive correlation between ramus height and 
total airway volume (p < 0.05) within both groups.  (Table 5a and 5b)   The  gonial angle 
did show a significant negative correlation to total airway volume (p = 0.02). However, 
this negative relationship was only found in the asymptomatic group. (Table 5b) Hong et 
al 28 demonstrated the relation between the sagittal position of the mandible to airway 
volume via CBCT 28. They studied 60 adults between 18-30 years old with a mean age of 
26 ± 4.5 years. In their investigation, they found that mandibular body length had a 
significant positive correlation with pharyngeal airway volume (p <0.05) 28. Our study 
showed similar results to the study by Hong et al. In our study, sagittal traits such as corpus 
length had a significant positive correlation with total airway volume in both groups (p 
<0.05) (Table 5a and 5b)    Therefore, our results agreed with other past analyses, where 
mandibular vertical and sagittal characteristics have significant correlations with airway 
volume.   
 
Being able to recognize hard tissue deficiencies early in childhood development can not 
only correct the underlying skeletal issues, but it may also improve airway development 
and future quality of life. In a certain patient populations that have a transverse deficiency 
in the mandible, orthognathic correction may be required to correct such problems in order 
to promote function and esthetics 35.  Bianchi et al’s CBCT study found that their treatment 
protocol resulted in a significant increase in airway volume after maxillomandibular 
transverse osteodistraction 35. Despite this study’s confounding factor of having both 
maxillary and mandibular expansion, it can be concluded that orthognathic expansion to 
increase the transverse dimension of the mandible in certain patients could be possible. 
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32,36–39 By performing mandibular orthognathic expansion, an increase in airway volume 
may be achieved. In addition, future studies will be required to confirm these associations 
























1. The mandibular transverse dimension, specifically in the linear measurement of 
Trans-Go, shows a significant positive association to total airway volume in the 
pediatric population.  
 
2. The transverse dimension does have significant correlations with sagittal and 
vertical dimensions of the mandible, such that Trans-Go was significantly 
correlated to corpus length and ramus height.  
 
 
3. Both the corpus length and ramus height, respectively, have significant correlations 
to total airway volume.  
 
4. There was a significant difference in the transverse dimension (Trans-Go) of the 
mandible between symptomatic and asymptomatic groups, where the 








1. Hershey HG, Stewart BL, Warren DW. Changes in nasal airway resistance associated 
with rapid maxillary expansion. American Journal of Orthodontics. 1976;69(3):274–
84. 
2. Katsantonis GP, Schweitzer PK, Branham GH, Chambers G, Walsh JK. Management of 
obstructive sleep apnea: comparison of various treatment modalities. The 
Laryngoscope 1988;98(3):304–9. 
3. Behrents RG, Shelgikar AV, Conley RS, et al. Obstructive sleep apnea and orthodontics: 
An American Association of Orthodontists White Paper. American Journal of 
Orthodontics and Dentofacial Orthopedics. 2019;156(1):13-28.e1. 
4. Chambi-Rocha A, Cabrera-Domínguez ME, Domínguez-Reyes A. Breathing mode 
influence on craniofacial development and head posture. Jornal de Pediatria. (Rio J.) 
2018;94(2):123–30. 
5. Zheng W, Zhang X, Dong J, He J. Facial morphological characteristics of mouth 
breathers vs. nasal breathers: A systematic review and meta-analysis of lateral 
cephalometric data. Experimental and Therapeutic Medicine. 2020;19(6):3738–50. 
6. Zhong Z, Tang Z, Gao X, Zeng X-L. A comparison study of upper airway among 
different skeletal craniofacial patterns in nonsnoring Chinese children. The Angle 
Orthodontist. 2010;80(2):267–74. 
7. Löfstrand-Tideström B, Hultcrantz E. Development of craniofacial and dental arch 
morphology in relation to sleep disordered breathing from 4 to 12 years. Effects of 
adenotonsillar surgery. International  Journal of Pediatric Otorhinolaryngology. 
2010;74(2):137–43. 
8. Peltomäki T. The effect of mode of breathing on craniofacial growth--revisited. 
European Journal of Orthodontics. 2007;29(5):426–9. 
9. Trotman CA, McNamara JA, Dibbets JM, van der Weele LT. Association of lip posture 
and the dimensions of the tonsils and sagittal airway with facial morphology. The 
Angle Orthodontist. 1997;67(6):425–32. 
10. Harvold EP, Tomer BS, Vargervik K, Chierici G. Primate experiments on oral 
respiration. American Journal of Orthodontics and Dentofacial Orthopedics 
1981;79(4):359–72. 
11. Tomer BS, Harvold EP. Primate experiments on mandibular growth direction. 
American Journal of Orthodontics and Dentofacial Orthopedics. 1982;82(2):114–9. 
12. Behlfelt K, Linder-Aronson S, McWilliam J, Neander P, Laage-Hellman J. Cranio-
facial morphology in children with and without enlarged tonsils. European Journal 
of Orthodontics. 1990;12(3):233–43. 
 41 
13. Linder-Aronson S. Adenoids. Their effect on mode of breathing and nasal airflow and 
their relationship to characteristics of the facial skeleton and the denition. A 
biometric, rhino-manometric and cephalometro-radiographic study on children with 
and without adenoids. Acta Oto-Laryngologica. Suppl. 1970;265:1–132. 
14. Maeda K, Tsuiki S, Fukuda T, Takise Y, Inoue Y. Is maxillary dental arch constriction 
common in Japanese male adult patients with obstructive sleep apnoea? European 
Journal of Orthodontics. 2014;36(4):403–8. 
15. Seto BH, Gotsopoulos H, Sims MR, Cistulli PA. Maxillary morphology in obstructive 
sleep apnoea syndrome. European Journal of Orthodontics. 2001;23(6):703–14. 
16. Guilleminault C, Pelayo R, Leger D, Clerk A, Bocian RC. Recognition of sleep-
disordered breathing in children. Pediatrics 1996;98(5):871–82. 
17. McWilliam J. Hypoplasia of the middle third of the face -a morphological study. The 
Angle Orthodontist. 1976;46(3):260–7. 
18. Ming Y, Hu Y, Li Y, Yu J, He H, Zheng L. Effects of maxillary protraction appliances 
on airway dimensions in growing class III maxillary retrognathic patients: A 
systematic review and meta-analysis. International Journal of Pediatric. 
Otorhinolaryngology. 2018;105:138–45. 
19. Abdalla Y, Brown L, Sonnesen L. Effects of rapid maxillary expansion on upper airway 
volume: A three-dimensional cone-beam computed tomography study. The Angle 
Orthodontist. 2019;89(6):917–23. 
20. Almuzian M, Ju X, Almukhtar A, Ayoub A, Al-Muzian L, McDonald JP. Does rapid 
maxillary expansion affect nasopharyngeal airway? A prospective Cone Beam 
Computerised Tomography (CBCT) based study. The Surgeon. Journal of Royal 
College of Surgeons of Edinberg and Ireland. 2018;16(1):1–11. 
21. Kavand G, Lagravère M, Kula K, Stewart K, Ghoneima A. Retrospective CBCT 
analysis of airway volume changes after bone-borne vs tooth-borne rapid maxillary 
expansion. The Angle Orthodontist. 2019;89(4):566–74. 
22. Kim S-Y, Park Y-C, Lee K-J, et al. Assessment of changes in the nasal airway after 
nonsurgical miniscrew-assisted rapid maxillary expansion in young adults. The Angle 
Orthodontist. 2018;88(4):435–41. 
23. Fu Z, Lin Y, Ma L, Li W. Effects of maxillary protraction therapy on the pharyngeal 
airway in patients with repaired unilateral cleft lip and palate: A 3-dimensional 
computed tomographic study. American Journal of Orthodontics and Dentofacial 
Orthopedics. 2016;149(5):673–82. 
24. Pamporakis P, Nevzatoğlu Ş, Küçükkeleş N. Three-dimensional alterations in 
pharyngeal airway and maxillary sinus volumes in Class III maxillary deficiency 
 42 
subjects undergoing orthopedic facemask treatment. The Angle Orthodontist . 
2014;84(4):701–7. 
25. Kim T, Baek S-H, Choi J-Y. Effect of posterior impaction and setback of the maxilla 
on retropalatal airway and velopharyngeal dimensions after two-jaw surgery in 
skeletal Class III patients. The Angle Orthodontist. 2015;85(4):625–30. 
26. Pourdanesh F, Sharifi R, Mohebbi A, Jamilian A. Effects of maxillary advancement 
and impaction on nasal airway function. International Journal of Oral Maxillofacial. 
Surgery. 2012;41(11):1350–2. 
27. Alves M, Franzotti ES, Baratieri C, Nunes LKF, Nojima LI, Ruellas ACO. Evaluation 
of pharyngeal airway space amongst different skeletal patterns. International Journal 
of Oral Maxillofacial. Surgery. 2012;41(7):814–9. 
28. Hong J-S, Oh K-M, Kim B-R, Kim Y-J, Park Y-H. Three-dimensional analysis of 
pharyngeal airway volume in adults with anterior position of the mandible. American 
Journal of Orthodontics and Dentofacial Orthopedics. 2011;140(4):e161–9. 
29. Paul D, Varma S, Ajith VV. Airway in Class I and Class II skeletal pattern: A computed 
tomography study. Contemporary Clinical Dentistry. 2015;6(3):293–8. 
30. Shokri A, Miresmaeili A, Ahmadi A, Amini P, Falah-Kooshki S. Comparison of 
pharyngeal airway volume in different skeletal facial patterns using cone beam 
computed tomography. Journal of Clinical and Experimental Dentistry. 
2018;10(10):e1017–28. 
31. Joseph AA, Elbaum J, Cisneros GJ, Eisig SB. A cephalometric comparative study of 
the soft tissue airway dimensions in persons with hyperdivergent and normodivergent 
facial patterns. Journal of Oral Maxillofacial Surgery. 1998;56(2):135–9; discussion 
139-140. 
32. Anandarajah S, Dudhia R, Sandham A, Sonnesen L. Risk factors for small pharyngeal 
airway dimensions in preorthodontic children: A three-dimensional study. The Angle 
Orthodontist. 2017;87(1):138–46. 
33. Okubo M, Suzuki M, Horiuchi A, et al. Morphologic analyses of mandible and upper 
airway soft tissue by MRI of patients with obstructive sleep apnea hypopnea 
syndrome. Sleep 2006;29(7):909–15. 
34. Hwang S, Jeong S, Choi YJ, Chung CJ, Lee HS, Kim K-H. Three-dimensional 
evaluation of dentofacial transverse widths of adults with various vertical facial 
patterns. American Journal of Orthodontics and Dentofacial Orthopedics. 
2018;153(5):692–700. 
35.  Chervin RD, Weatherly RA, Garetz SL, Ruzicka DL, Giordani BJ, Hodges EK, 
        Dillon JE, Guire KE. Pediatric sleep questionnaire: prediction of sleep apnea and 
 43 
        outcomes. Archives of Otolaryngology: Head Neck Surgery. 2007 Mar;133(3):216-
22 
 
36. Bianchi FA, Gerbino G, Corsico M, et al. Soft, hard-tissues and pharyngeal airway 
volume changes following maxillomandibular transverse osteodistraction: Computed 
tomography and three-dimensional laser scanner evaluation. Journal of Cranio-
Maxillo-facial Surgery. 2017;45(1):47–55. 
37. Carlino F, Claudio PP, Tomeo M, Cortese A. Mandibular bi-directional distraction 
osteogenesis: A technique to manage both transverse and sagittal mandibular 
diameters via a lingual tooth-borne acrylic plate and double-hinge bone anchorage. 
Journal of Cranio-Maxillo-facial Surgery.2019;47(10):1521–9. 
38. Conley RS, Legan HL. Correction of severe obstructive sleep apnea with bimaxillary 
transverse distraction osteogenesis and maxillomandibular advancement. American 
Journal of Orthodontics and Dentofacial Orthopedics. 2006;129(2):283–92. 
39. Ploder O, Köhnke R, Klug C, Kolk A, Winsauer H. Three-dimensional measurement 
of the mandible after mandibular midline distraction using a cemented and screw-















CURRICULUM VITAE  
 45 
